hydrocarbon fraction from Sarcina lutea lipid extracts was characterized by a combination of thinlayer and gas-liquid chromatography and infrared spectroscopy. A total of 37 components were observed by gas-liquid chromatography of this material. A breakdown of the components into classes indicated a composition consisting of 88.9% n-saturates, 1.2%/0 monoenes, 2.1% dienes, 5.0% trienes, and 0.6% branched-saturates. Less than 0.1% of the hydrocarbon material was aromatic. No attempt was made in this study to relate the composition to either origin or function in the cell.
We previously reported (Huston and Albro, 1964) that approximately 20% of the chloroformmethanol extractable material from Sarcina lutea is hydrocarbon in nature. Although S. lutea, a yellow-pigmented organism, was shown to contain hydrocarbon pigments (Bezborodov, 1957; Arnaki and Stary, 1952a, b; Takeda and Ohta, 1940) , the amount of hydrocarbon material present in the extract was considered too large to be composed entirely of pigment.
The common bacterial pigments have received extensive study (Porter, 1948) , as has the ability of various microorganisms to utilize environmental hydrocarbons (Johnson, Goodale, and Turkevitch, 1942; ZoBell, 1950 Materials. The bacterial hydrocarbons were isolated from a chloroform-methanol extract of lyophilized cells of S. lutea (ATCC 533) as described previously (Huston and Albro, 1964 The hydrocarbons were also separated on the basis of degree of unsaturation by preparative TLC of the acetoxy-mercuri-methoxy derivatives (Mangold and Kammereck, 1961) . n-Hexanediethyl ether (4:1, v/v) carried saturates with the solvent front, after which the unsaturated fraction was resolved on the same plate by development in n-propanol-acetic acid (99:1, v/v An estimation of the aromatic pigment content was made by measurement of this fraction's absorption at 437 mpA, with fl-carotene as a standard (Stearns, 1950; Bickoff, 1957) .
Gas-liquid chromatography (GLC (Bayer, 1961; Meites, 1963) . t ECL behavior determined by noting whether the decimal portion of the ECL was constant (0), increased (+), or decreased (-) with increasing reduced carbon number (the whole-number portion of the ECL).
(nonpolar) on 80/100 mesh Chromosorb W was maintained isothermally at 230 and 250 C for qualitative analysis; temperature was programmed from 225 to 255 C at 1.5 C per min for quantitative analysis. The flow rate in all cases was 90 ml of helium per min.
Identification of gas chromatogram peaks. Retention volumes relative to n-tetracosane were obtained for known n-saturates chromatographed under the same conditions as those used for the S. lutea material. Relative retention volumes were then determined for the S. lutea hydrocarbon peaks from chromatograms obtained after augmenting the sample with n-tetracosane.
Peaks on chromatograms of the saturate fraction from TLC, which could not be identified as corresponding to n-saturates, were considered branched-chain saturates.
The material forming acetoxymercuri-methoxy derivatives, thus shown to be unsaturated, was chromatographed after augmentation with ntetracosane. Relative retention volumes were computed for all peaks appearing in the resulting chromatograms. No unsaturates were found having relative retention volumes identical to those corresponding to n-saturates. Separation factors (McWilliams, 1961) were computed for each peak by dividing its relative retention volume on the polar column by the relative retention volume of the nearest preceding n-saturate. Component8 having the same separation factor were considered members of the same homologous series (McWilliams, 1961) . Plots of log relative retention volume on SE-52 versus log relative retention volume on XE-60 were made according to the suggestion of James (1959) , to graphically illustrate the degrees of unsaturation of the homologous series of unsaturates found.
All values of relative retention volumes were converted to equivalent chain lengths (ECL) by the method of Miwa (1963) , since additional confirmation of assignment to homologous series can be made by noting that the ECL of members of a single homologous series change in a regular manner with increasing molecular weight. Moreover, it can be shown that there is a definite relationship between the structural type of a given homologous series of hydrocarbons and the change in ECL with molecular weight. To determine the pertinent relationships, published values of relative retention volumes for various hydrocarbon homologous series (Bayer, 1961; Meites, 1963) Table 1 . d For ionization detector: peak area per cent X average carbon number divided by peak carbon number (Ettre, 1962) . the TLC tracing in Fig. 1 . Methyl esters, triglycerides, and waxes migrated well behind the hydrocarbons in this solvent system. Additional confirmation of purity was obtained by noting that the sample showed no significant infrared absorption in the 1,720-to 1,750-cm-1 region which is characteristic of esters. Figure 2 shows a partial separation of the hydrocarbons into classes by TLC. Three fractions can be seen corresponding in mobility to saturated aliphatic, unsaturated aliphatic, and aromatic hydrocarbons. The aromatic fraction, which corresponded in motility to authentic samples of a-and ,B-carotenes, gave a positive carotene test with antimony trichloride (Carr and Price, 1926) . Individual carotenes, however, could not be resolved in this solvent system.
Preparative TLC of the acetoxymercurimethoxy derivatives is shown in Fig. 3 Infrared spectra of the various TLC fractions indicated the following structural characteristics. The saturated fraction showed absorption at 2,956 and 1,470 cm71 (terminal CHr-), 1, 380 and 1,095 cm-1 (branch CHI-), 720 cm7' (-CH2-), and 1,265 and 1,020 cm7' (>CH-) (Randall et al., 1949) . The likelihood of iso-configurations was indicated by absorption at 1,470 and 1,380 cm'- (Szymanski, 1963) , but there was no absorption indicating neo-configurations (1,450 and 1,200 cm7l).
The unsaturates showed no absorption at 968 cm1-, indicating the absence of trans configurations. Three doublets in the 1,600-to 1,650-cm-1 region indicated that the most highly unsaturated fraction was triunsaturated (Bellamy, 1954) .
The aromatic fraction absorbed at 3,298, 1,610, and 1,493 cr' (phenyl); and at 1,638, 1,720, and 1,584 cm7l, indicating conjugated unsaturation external to the phenyl group (Randall et al., 1949) . This, coupled with strong absorption, at 1,371 and 2,956 cm'l, indicating methyl branches (Gray, 1962) , was considered additional confirmation of the presence of carotene structures.
Ultraviolet absorption at 437 m, by the pigmented aromatic fraction indicated that this fraction accounted for less than 0.1% of the total hydrocarbon material. In view of the small amount and of the information already published on S. lutea pigments (Bezborodov, 1957; Arnaki and Stary, 1952a, b; Takeda and Ohta, 1940) , this fraction was not characterized further.
A summary of the GLC data for the aliphatic hydrocarbons of S. lutea is contained in Table 2 , and includes concentrations and tentative identifications for each peak. Only by using TLC for preliminary separations of the hydrocarbons was it possible to observe all of the components listed in the table. Moreover, there is reason to suspect that, if more efficient columns were used, an even more complex spectrum of hydrocarbons would be seen. No components smaller than C16 or larger than C,6 were observed, even though conditions were used which would have eluted alkanes up through C5o. With the use of the conditions described, authentic samples of a-and 3-carotene could not be eluted from either column. Figure 4 shows a log plot of relative retention times of the unsaturated components on SE-52 vs. XE-60. This graph demonstrates that there were at least three homologous series of unsaturates present in the hydrocarbons of S. tutea.
A breakdown of the S. lutea aliphatic hydrocarbons into classes is as follows: n-saturates, 88.9%; monoenes, 1.2%; dienes, 2.1%; trienes, 5.0%; and branched-saturates, 0.6%. Since both branched-saturates had the same separation factor, they appear to be members of the same homologous series.
The monoenes were apparently not unsaturated at the 1-position. Known 1-monoenes were separated from the corresponding n-saturates by a factor of 1.09 on XE-60, whereas those from S. lutea had separation factors of 1.17 under the same conditions. In the absence of branching, this would indicate that the double bond is at least one carbon displaced from the 1-position. No information could be obtained from the GLC data on the position of the double bonds in the dienes and trienes.
In view of the absence of hydrocarbons in chloroform-methanol extracts of the culture medium taken prior to inoculation, and of the failure to observe highly polyunsaturated hydrocarbons which might be considered intermediates in the synthesis of carotenoids, it is impossible at this time to relate our findings to either origin or function in the cell.
